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Description 

BACKGROUND OF THE INVENTION 

5 FIELD OF THE INVENTION 

This invention relates to a metliod for manufacturing a pliotographic paper support liaving a resin coating thereon. 
More particularly, it relates to a method of making a resin coated photographic paper having improved adhesion between 
the resin layer and the paper surface. 

10 

DESCRIPTION OF RELATED ART 

In order to keep the processing solution from penetrating photographic paper base during the development steps, 
synthetic resins of the polyolefin type such as polyethylene and polypropylene are coated on paper The side to be 

15 coated with photographic emulsion has inorganic fillers such as titanium dioxide to provide white background. The 
opposite side has generally a blend of low density and high density polyethylene for curl control purpose. Since poly- 
olefins are nonpolar by nature, extra steps are required to promote good bond between a polyolefin and paper surface. 
One method is to oxidize the molten polyolefin curtain prior to the coating. Polymer melt temperature is kept as high 
as 338°C. (640'*F.) to promote oxidation. But the high melt temperature produces unwelcome results such as polymer 

20 degradation and crosslinked gel formation. The distance between the die lip and the lamination nip can be adjusted 
to provide longer oxidation time. But too great distance can hurt oxidation because it will lower the melt temperature. 
The coating line speed can be reduced to allow more time for oxidation. But this is not attractive from the cost point of 
view 

Another method is to precoat paper with adhesion promoting chemical primers. However, because the photograph- 
25 ic paper is a rather porous substrate, the priming solution soaks through the paper rather than staying on the surface. 
Also photosensitivity of chemical primers is another concern. 

There are other means of treating substrate surfaces. U.S. Patent Nos. 5,147,678; 3,892.573; 4,135,932; 
4,729,945; 4,186,018; and 4,128,426 describe treating polymeric surface using flame, corona, or ozone to improve on 
adhesion. U.S. Patent No. 4,481,289 describes treating paper surface with corona discharge and oxidizing the poly- 
30 olefin melt curtain using ozone and air mixture. It claimed that, by this method, improved adhesion was observed at 
183 m/min (600 FPM) line speed. A line speed of 183 nn/min is rather slow in today's environment. There is a great 
need to increase the line speed to 457 nn/min (1 ,500 FPM) or beyond. 

SUMMARY OF THE INVENTION 

35 

The invention contemplates a method of making resin coated photographic paper which comprises providing a 
paper base, subjecting the paper base to a flame treatment and a corona discharge treatment, providing a polyolefin 
melt curtain, treating the polyolefin resin melt curtain with ozone, preferably a mixture of ozone and air and bringing 
the paper base in contact with the polyolefin melt curtain to provide a uniform layer of polyolefin resin on the paper base. 
40 The process in accordance with this invention provides excellent adhesion of the polyolefin resin to the paper 

substrate at speeds greatly exceeding that heretofore known. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 FIG. 1 is a diagrammatic representation of an apparatus for practicing the process of this invention; 

FIG. 2 is a diagrammatic view of an apparatus for conducting the corona discharge treatment in accordance with 
this invention; 

FIG. 3 is a diagrammatic view of an apparatus for conducting the flame treatment in accordance with this invention; 
FIG. 4 is a partial perspective view of an apparatus for conducting the ozone treatment in accordance with this 
50 invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The paper base may be treated with two corona discharges, one either side of the flame treatment. 
55 Without being bound by any particular mechanism, it Is believed that surface moisture in the paper substrate is an 

important factor influencing adhesion. When the hot polymer melt contacts the paper surface, it raises the paper surface 
temperature well above the boiling point. The surface moisture then evaporates causing delamination of polyolefin 
layer from the paper surface. This moisture effect can be minimized by pretreating paper with flame. 
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Further, by exposing the paper surface to different surface treatments, flame and corona discharge, it is believed 
that more specific and unique chemical groups are formed which are not formed by corona discharge alone. 

Referring to FIG. 1 , photographic paper sheet 10 is moving in the direction shown by the horizontal arrow through 
a first corona discharge treatment zone 12, through a flame treatment zone 14, and then through a second corona 
5 discharge treatment zone 1 6 followed by passing around nip roller 1 8 and between nip roller 1 8 and chill roller 20. Chill 
roller 20 is provided with a matte finish and the pressure applied by rollers 18 and 20 is about 0.4 MPa(60 PSI). The 
molten polyolefin resin is conveyed in a molten sheet 22 from curtain coating device 24 to impinge upon the paper 
substrate 10 near the nip of rollers 18 and 20. Ozone coating station 26 is positioned just prior to the entrance of the 
curtain of molten polyolefin In order that the ozone treats the poiyolefin sheet. 
10 In the coating line of Figure 1 , the first corona discharge zone may embody a single horse shoe type electrode, 

10.2 centimeters (4 inches) wide and 81.3 centimeters (32 inches) long and a dielectric coated roll. The first corona 
discharge treatment may be one provided by Pillar Technology, rated at 110 kHz and 12 kW. The second corona 
discharge treatment zone is located about 91 .4 centimeters (3 feet) away from the first nip pressure roll 18 and has 6 
electrodes with a bare roll. A suitable device of this type is supplied by Enercon and is rated at a 110 kHz and 12 kW. 
15 A typical configuration for corona discharge treating at positions 12 or 16, in accordance with this invention is 

shown schematically in FIG. 2. The paper substrate 10, to be treated, passes over a grounded roll 30, which roll 30 
may or may not be coated with a dielectric material 32. A generator 34, such as a high frequency spark generator 
supplies a high voltage to electrode 36 which jumps the gap between the electrode 36 and the substrate 10 causing 
a corona discharge 38 upon the surface of the substrate 10. The circuit is completed by the connection of the metal 
20 roll 30 to ground 40 and then through resistor 42 back to the generator. 

The high voltage fields cause the oxygen molecules to break up into ions and electrons which react with the surface 
of the substrate. Those that do not react, recombine into molecules with either two atoms (normal oxygen) or three 
atoms (unstable reactive ozone). 

Power input for the surface treatment is defined by watt density formula. 

25 

Wd = PS/(WExLSxNST) 

Where: 

30 

Wd=Watt Density (watts/sq. meter/minute) 
PS = Power Supply (watts) 
LS = Line Speed (meters/minute) 
NST = Number of Sides Treated 
35 WE = Width of Electrode 

Watt density can range from 0.18 to 11 watts/m^/min. (0.017 to 1.0 watts/sq. ft./min.), preferably 1.5 to 6.2 watts/m^/ 
min. (0.143 to 0.57 watts/sq. ft./min.). 

Figure 3 is a diagrammatic representation of a suitable apparatus for conducting the flame treatment in accordance 

40 with this invention. The flame treating zone 14 receives the continuous substrate 10 from the first corona discharge 
treating zone 12 in Figure 1 and the substrate 1 0 passes over roll 50 where it is held under tention by means of tention 
rolls 52. The surface of the paper substrate 10 is treated with flame 54, which treatment takes place under an exhaust 
hood 56. The paper after passing over roll 50 and being subjected to the flame then moves continuously to the next 
station, which is shown in Figure 1 is the second corona discharge treatment zone 16. While two corona treating stations 

45 are preferred, the corona treatment Is optional in this invention. 

In flame treating, the high temperature of the combustion gases causes the molecules of oxygen to come apart to 
form free oxygen atoms that are chemically very reactive. They also lose electrons to become positively charged oxygen 
ions. The electrically neutral gas made up of equal amounts of positively charged particles and negatively charged 
particles is known as "plasma." In flame treating, these high speed, energetic, very reactive oxygen ions and free 

so electrons bombard the substrate surface and react with the molecules. This process can be said to oxidize the surface, 
and requires an oxidizing flame which is a flame with excess oxygen. 

The quality of air can vary from time to time. There is a significant reduction of oxygen and an increase in water 
vapor in the air when the relative humidity is higher. The quality of commercially available gas can vary also due to 
changes in composition of the supply source. It can also change if the gas company adds propane and air to natural 

55 gas at peak loads. The type of gas can be natural gas, propane, or any other hydrocarbon gas. The moving paper web 
10 carries with it a boundary layer of air. At high speeds, the flame 54 tends to mix with the boundary layer of air To 
compensate for this extra air. the air/gas mixture should be richer in gas at higher line speeds than would be optimal 
at slow speeds in order to end up at proper plasma readings. For consistency of flame, a flame plasma analyzer is 
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used. A small continuous sample of air/gas mixture was taken and burned into a controlled flame in a closed chamber 
within the analyzer. The flame plasma produces an electrical signal which is processed to produce the plasma value. 
The plasma value is an accurate, reproducible measure of the treating ability of an air/gas mixture. Depending on the 
web speed, the plasma value should be kept from 30 to 80, preferably 45 to 60. The lower the plasma value, the leaner 

5 air/gas mixture becomes. 

The output of the burner must be increased as the speed of the web is increased to 914 M/min. (3,000 FPM) or 
higher in order to achieve the same level of treat. The output can range from 1 to 3970 Kg-cal/cm (10 to 40,000 Btu/ 
inch), preferably 3.97 Kg-cal/cm to 1990K (40 to 20,000 Btu/inch). The burner/web gap should be increased with in- 
creased burner output so that the plasma portion of the flame, which is just beyond the unburnt cones of air/gas mixture, 

10 is just at the web surface. 

The distance between the tip of the cone and the moving web can be 0-10.2 cm (0 to 4 inches), preferably 0.254 
cm to 5.08 cm (0.1 to 2 inches). The angle at which the tip of the cone contacts the moving web can be 30 to 90 
degrees, preferably 45 to 90 degrees. The triple slot design ribbon burners were used, but any other types of commer- 
cially available burner can be used. A suitable flame treating device supplied by Wise Corporation has double burner 

IS heads (triple slots). 

A suitable configuration for the application of ozone to the polyolefin melt is shown in Fig. 4. The paper substrate 
10 which exits the second corona discharge treatment zone 16 passes over nip roll 18 and through the nip provided 
by roll 18 and chill roll 20. Polyolefin curtain coating extrusion die 24 provides a continuous sheet of molten polyolefin 
into the nip provided by rolls 18 and 20. The extrusion die 24 has a die gap of 0.076 cm (0.03 inch). Immediately above 
20 the nip is situated an ozone applicator 26 which treats the surface of the extruded polymer melt curtain with an ozone 
air mixture. The polyolefln-coated paper exits this zone in the direction shown by the arrow. 

Ozone (O3) is a three atom allotrope of oxygen (Og), which Is typically formed from oxygen by either electrical 
discharge (as during lightning) or UV irradiation at specific wavelengths. The basic equation for the formation of ozone is 

25 

3 O2Z — ^ 2 O3 ^H==68k cal 

This is an endothermic process and therefore the equilibrium between O2 and O3 is shitted towards O2 with in- 

30 creased temperature. The rate of ozone being generated in an ozonator decreases as temperature, pressure, and flow 
rate of incoming feed stock of air increases. Ozone oxidizes and decomposes organic and inorganic substances at a 
higher rate than other reagents. Ozone is the second most powerful oxidant after fluorine. This powerful oxidation 
nature is being used to treat the polymer melt curtain for improved adhesion. 

Ozone is a very unstable compound. Its half life at 2VC and 1 atmospheric pressure (70°F/14.7 psi) is about 20 

35 minutes. It will be totally degraded at 220'*C (428'*F). The temperature of the ozone-containing gas, e.g. the mixture 
of ozone and air, applied to the polymer melt curtain should be closely controlled to be within the range between 25 
and 205°C (80 and 400°F), preferably 37.8°C and 12rC (100 and 250°F). If the gas temperature exceeds 204°C 
(400*'F), the decomposition of ozone will be accelerated, whereas if it is below 26.6°C (80*'F). It will decrease the 
temperature of the polymer melt curtain. In both cases, the efficiency of treatment deteriorates significantly. 

40 The distance between the ozone/air applicator and the extruded polymer melt curtain can be kept from 0.254 cm 

to 7.62 cm (0.1 to 3.0 inches), preferably 0.50 cm to 2.54 cm (0.2 to 1.0 inches). If the distance is too short, it will affect 
melt curtain stability, while if the distance is too great, the efficiency of treatment drops significantly. The amount of 
ozone applied to the polymer melt curtain can range from 2 to 323 mg/m^ (0.2 to 30 mg per square feet), preferably 
10.8 - 108 mg/m2 (1 to 10 mg per square feet). If the amount is too low, degree of oxidation deteriorates, while if it 

45 exceeds 30 mg. the excess ozone in the ambient air can become health hazards to operating personnel. 

A suitable ozonator is provided by Enercon Industries Corporation. An Enercon Compack 2,000 supplied power 
to the generator (input: 230/460 vac; 10/5 amps, 115 vac; 20 amps, output: 0 to 2 kW). A 2.54 cm (1 inch) diameter 
pipe with holes along the lengthwise direction (Fig. 4) was installed about 5.08 cm (2 inches) away from the laminator 
nip. A piece of plastic tubing running between the pipe and the ozonator carried the ozone/air mixture to the nip area. 

so In order to determine the efficiencies of the two CDT units, raw stock paper was first resin coated, and then it was 

passed through the line a second time with only one CDT unit turned on at a time. Using the dyne solutions, surface 
energies were checked: 46 dynes/cm from corona treatment 1 2 and 58 dynes/cm from corona treatment 1 6. 
The invention is further illustrated by the following examples: 

55 EXAMPLE 1 

In this example, a base paper sheet. Kodak Coloredge photographic paper, 48.98 Kg/279 m^ (108 lb./3,000 sq. 
ft. in basis weight), was extrusion coated with NA 219 (LDPE by Quantum Chemicals, 0.923 gms/cc, 10 IVll). The melt 
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temperature was kept at 288°C (SSO^F). The line speed was at 305 m/mln. (1,000 FPM). Different modes of surface 
treatment were applied. Neither corona discharge treatment (CDT) on paper alone, nor CDT on paper along with ozone/ 
air treatment of polyethylene melt produced any bond at all. However, an excellent bond was achieved when the paper 
was treated with both CDT and flame, and the polyethylene melt curtain was treated with ozone/air mixture. 
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25 EXAMPLE 2 

A medium density polyethylene was prepared by blending 54 parts using LDPE and 46 part using HDPE. The melt 
temperature was raised to 31 5.6°C (600"* F) in order to maintain melt curtain stability. In order to see the effect of flame 
treatment, it was turned on and off during the experiment. When the flame treater was turned off, the adhesion went 
30 from "excellent" to "no-bond." 
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EXAMPLE 3 



With the same resin used in Example 2, different line speed trials were made using a little heavier basis weight 
paper, type 'B'. This time, the CDT unit was turned on and off during the run. Shutting the CDT increased line speed 
from 335.3 m/min. to 427 m/min. (1,100 FPM to 1,400 FPM), and lowering coverage from 4.54 Kg/92.9 m^ (10 lb./ 
1 ,000 sq. ft.) to 3.86 Kg/92.9 m^ (8.5 Ib./1 ,000 sq. ft.) did not affect the adhesion. The bond remained "excellent." 
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EXAMPLE 4 

With the same resin used in Example 2, different line speed trials were made using type 'A' paper 48.98 Kg/279 
m2 (108 lb./3.000 sq. ft. basis weight). The mett temperature was 329.4°C (625°F). All three treatment devices (CDT, 
5 flame and ozone/air) were kept turned on during the experiment. Excellent bond was achieved at 426.7 m/min. (1 ,400 
FPM) line speed. Much higher line speed was possible. 
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Claims 

20 1. A method of making resin coated photographic paper which comprises providing a paper base, subjecting the 
paper base to a flame treatment and a corona discharge treatment providing a polyolefin melt curtain, treating the 
polyolefin resin melt curtain with ozone and bringing the paper base in contact with the polyolefin melt curtain to 
provide a uniform layer of polyolefin resin on the paper base. 

25 2. The method of Claim 1 wherein the paper base is treated with two corona discharges, one on either side of the 
flame treatment, 

3. The method of Claim 1 or 2 wherein the treating flame has a plasma value of from 30 to 80. 
30 4. The method of any of claims 1 -3 wherein the flame output ranges from 1 to 3970 kg-cal/cm. 

5. The method of any of claims 1 -4 wherein the treating step with ozone uses a mixture of ozone and air. 

6. The method of claim 5 wherein the temperature of the mixture of ozone and air at the polyolefin melt curtain is 
35 from25to205''C. 

7. The method of any of claims 1-6 wherein the power input in watt density of the corona discharge is from 0.18 to 
11 watts/m2/min. 

40 8. The method of any of claims 1 -7 wherein the quantity of ozone is from 2 to 323 mg/m^. 



Patentanspruche 

45 1. Verfahren zur Herstellung eines mit Harz beschichteten photograph ischen Papiers, das umfa3t die Bereitstellung 
eines Papiertragers, die Einwirkung einer Flammenbehandlung auf den Paplertrager und eine Coronaentladungs- 
behandlung, die Bereitstellung eines Potyolefinschmelzen-Vorhanges, die Behandlung des Polyolefinharzschmel- 
zen-Vorhanges mIt Ozon und das Inkontaktbringen des Papiertragers mit dem Polyolefinschmelzen-Vorhang unter 
Erzeugung einer gleichformigen Polyolefinharzschicht auf dem Paplertrager. 

50 

2. Verfahren nach Anspruch 1 , bei dem der Paplertrager mit zwei Coronaentladungen behandelt wird, einer auf jeder 
Seite der Flammenbehandlung. 

3. Verfahren nach Anspruch 1 Oder 2, bei dem die behandelnde Flamme einen Plasmawert von 30 bis 80 hat. 

55 

4. Verfahren nach einem der Anspruche 1 -3, bei dem der FlammenausstoB Im Berelch von 1 bis 3970 kg-cal/cm liegt. 

5. Verfahren nach einem der /Vnspruche 1 -4, bei dem die Behandlungsstufe mit Ozon eine Mischung aus Ozon und 
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Luft verwendet. 

6. Verfahren nach Anspruch 5, bei dem die Temperatur der Mischung aus Ozon und Luft am Polyolefinschmelzen- 
Vorhang bei 25 bis 205°C liegt. 

5 

7. Verfahren nach etnem der AnsprOche 1-6, bei dem der Leistungseingang bezuglich der Watt-Dichte der Corona- 
entladungbei 0.18 bis 11 Watt/m^/Mln. liegt. 

8. Verfahren nach einem der Anspruche 1-7, bei dem die Ozonmenge bei 2 bis 323 mg/m^ liegt. 

10 

Revendications 

1 . Procede de fabrication d'un papier photographique enduit de rdsine qui comprend la fourniture d'un support papier, 
IS la soumission du support papier k un traitement k la flamme et k un traitement de decharge en effet corona, la 

fourniture d'un rideau de polyol6fine fondue, le traitement du rideau de polyol6fine fondue k I'ozone et la mise en 
contact du support papier avec le rideau de polyoldfine fondue afin d'obtenir une couche uniforme de r6sine de 
polyol^fine sur le support papier. 

20 2. Proc§d6 selon la revendication 1, dans lequel le support papier est tratt6 par deux decharges en effet corona, 
I'une pr6c6dant et I'autre suivant le traitement k la flamme. 

3. Precede selon la revendication 1 ou 2, dans lequel le traitement k la flamme a une valeur de plasma comprise 
entre 30 et 80. 

25 

A. Proc6d6 selon I'une quelconque des revendications 1 k 3, dans lequel I'^nergie de la flamme est comprise entre 
1 et 3970 kg-cal/cm. 

5. Proc6d6 selon I'une quelconque des revendications 1 k 4, dans lequel I'^tape de traitement k I'ozone utilise un 
30 m6lange d'ozone et d'air. 

6. Proc§d6 selon la revendication 5, dans lequel la temperature du melange d'ozone et d'air au niveau du rideau de 
polyol^fine fondue est comprise entre 25 et 205 "^C. 

35 7. Proc6d6 selon I'une quelconque des revendications 1 k 6, dans lequel la puissance absorb6e, en density de 
puissance, de la decharge en effet corona est comprise entre 0,18 et 11 watts/m^/mn. 

8. Procede selon I'une quelconque des revendications 1 k 7, dans lequel la quantity d'ozone est comprise entre 2 et 
323 mg/m2. 

40 
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FIG. 3 




FIG. 4 
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